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A.2.7.1 Summary of Previous BRT Conclusions

The status of chinook salmon throughout California and the Pacific Northwest was formally assessed in
1998 (Myers et al. 1998). Substantial scientific disagreement about the biological data and its
interpretation persisted for some Evolutionarily Significant Units (ESUs); these ESUs were
reconsidered in a subsequent status review update (NMFS 1999). Information from those reviews
regarding ESU structure, analysis of extinction risk, risk factors, and hatchery influences is
summarized in the following sections.

ESU structure

The initial status review proposed a single ESU of chinook salmon inhabiting coastal
basins south of Cape Blanco and the tributaries to the Klamath River downstream of its
confluence with the Trinity River (Myers et al. 1998). Subsequent review of an augmented
genetic data set and further consideration of ecological and environmental information led to the
division of the originally proposed ESU into the Southern Oregon and Northern California
Coastal Chinook Salmon ESU and the California Coastal Chinook Salmon ESU (NMFS 1999).
The California Coastal Chinook Salmon ESU currently includes chinook salmon from Redwood
Creek to the Russian River (inclusive).

Summary of risk factors and status

The California Coastal Chinook Salmon ESU is listed as Threatened. Primary causes for
concern were low abundance, reduced distribution (particularly in the southern portion of the
ESU’s range), and generally negative trends in abundance; all of these concerns were especially
strong for spring-run chinook salmon in this ESU (Myers et al. 1998). Data for this ESU are
sparse and, in general of limited quality, which contributes to substantial uncertainty in estimates
of abundance and distribution. Degradation of the genetic integrity of the ESU was considered
to be of minor concern and to present less risk for this ESU than for other ESUs.

Previous reviews of conservation status for chinook salmon in this area exist. Nehlsen et
al. (1991) identified three putative populations (Humboldt Bay Tributaries, Mattole River, and
Russian River) as being at high risk of extinction and three other populations (Redwood Creek,
Mad River, and Lower Eel River) as being at moderate risk of extinction. Higgins et al. (1992)
identified seven “stocks of concern,” of which two populations (tributaries to Humboldt Bay and
the Mattole River) were considered to be at high risk of extinction. Some reviewers indicate that
chinook salmon native to the Russian River have been extirpated.
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Historical estimates of escapement are presented in Table A.2.7.1. These estimates are
based on professional opinion and evaluation of habitat conditions, and thus do not represent
rigorous estimates based on field sampling. Historical time series of counts of upstream
migrating adults are available for Benbow Dam (South Fork Eel River 1938-1975), Sweasy Dam
(Mad River 1938-1964), and Cape Horn Dam (Van Arsdale Fish Station, Eel River); the latter
represent a small, unknown and presumably variable fraction of the total run to the Eel River.
Data from cursory, nonsystematic stream surveys of two tributaries to the Eel River (Tomki and
Sprowl Creeks) and one tributary to the Mad River (Canon Creek) were also available; these data
provide crude indices of abundance.

Previous status reviews considered the following to pose significant risks to the California Coastal
Chinook Salmon ESU: degradation of freshwater habitats due to a variety of agricultural and
forestry practices, water diversions, urbanization, mining, and severe recent flood events
(exacerbated by land use practices). Special concern was noted regarding the more precipitous
declines in distribution and abundance in spring-run chinook salmon. Many of these factors are
particularly acute in the southern portion of the ESU range and were compounded by uncertainty
stemming from the general lack of population monitoring in California (Myers et al. 1998).

In previous status reviews, the effects of hatcheries and transplants on the genetic integrity

of the ESU elicited less concern than other risk factors for this ESU, and were less of a concern
for this ESU in comparison to other ESUs.

Listing status

The California Coastal Chinook Salmon ESU is currently listed as “Threatened.”

Table A.2.7.1. Historical estimates of abundance of chinook salmon in the California Coastal Chinook

Salmon ESU.
Selected Watersheds fglng Pe\:l/‘::)llllelgg87
Redwood Creek 5,000 1,000
Mad River 5,000 1,000
Eel River 55,000 17,000
Mainstem Eel® 13,000
Van Duzen Rivera® 2,500
Middle Fork Eel® 13,000
South Fork Eel® 27,000
Bear River 100
Small Humboldt County Rivers 1,500
Miscellaneous Rivers North of Mattole 600
Mattole River 5,000 1,000
Noyo River 50
Russian River 500 50
Total 72,550 20,750
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*Entries for subbasins of the Eel River Basin are not included separately in the total.
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A.2.7.2 New Data and Updated Analysis
The TRT for the North-Central California Coast Recovery Domain has proposed a set of
plausible hypotheses, based largely on geography, regarding the population structure of the
California Coast Chinook Salmon ESU (Table A.2.7.2), but has concluded that insufficient
information exists to discriminate among these hypotheses (NCCC-TRT, in preparation). Data
are not available for all of the potential populations; only those for which data are available are
considered below.

New or updated time series for chinook salmon in this ESU include 1) counts of
adults reaching Van Arsdale Fish Station near the effective headwater terminus of the Eel
River; 2) cursory, quasi-systematic spawner surveys on Canon Creek (tributary to the
Mad River), Tomki Creek (tributary to the Eel River), and Sprowl Creek (tributary to the
Eel River); 3) counts of returning spawners at a weir on Freshwater Creek (tributary to
Humboldt Bay). None of these time series is especially suitable for analysis of trends or
estimation of population growth rates.

Table A.2.7.2. Plausible hypotheses for independent populations considered by the North Central
California Coast TRT. This information is summarized from a working draft report and should
be considered as preliminary and subject to revision.

“Lumped” “Split”

Redwood Creek

Mad River

Humboldt Bay Tributaries

Eel River”
South Fork Eel River
Van Duzen River
Middle Fork Eel River
North Fork Eel River
Upper Eel River

Bear River

Mattole River

Tenmile to Gualala®

Russian River

“Plausible hypotheses regarding the population structure of chinook salmon in the Eel River basin include scenarios
ranging from five independent populations (South Fork Eel River, Van Duzen River, Upper Eel River, Middle Fork
Eel River, and North Fork Eel River) to a single, strongly structured independent population.

®This stretch of the coast comprises numerous smaller basins that drain directly into the Pacific Ocean, some of
which appear sufficiently large to support independent populations of chinook salmon. The following hypotheses
span much of the range of plausible scenarios: (1) independent populations exist in all basins that exceed a minimum
size; (2) independent populations exist only in basins between the Tenmile River and Big River, inclusive, that
exceed a minimum size; (3) chinook salmon inhabiting basins along this stretch of coastline exhibit patchy
population or metapopulation dynamics in which the occupancy of any given basin is dependent on migrants from
other basins, and possibly from larger basins to the north and south; and (4) chinook salmon inhabiting basins
between the Tenmile River and Big River, inclusive, exhibit patchy population or metapopulation dynamics in
which the occupancy of any given basin is dependent on migrants from other basins in this region and possibly to
the north, while other basins to the south only sporadically harbor chinook salmon.
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Table A.2.7.3. Geometric means, estimated lambda, and long- and short-term trends for abundance time

series in the California Coastal Chinook Salmon ESU.

5 year Geometric Mean Trend
Rec | Min | Max Long Short
0.137 0.137
Freshwater Creek 22 13 22 (-0.405, 0.678) (-0.405, 0.678)
Mad River
0.0102 0.155
Canon Creek | 73 | 19 | 103 (-0.106, 0.127) (-0.069, 0.379)
Eel River
-0.096 -0.183
Sprowl Creck | 43 | 43 | 497 (-0.157, -0.034) (-0.356,-0.010)
. -0.199 0.294
Tomki Creek | 61 | 13 | 2,233 (-0.351, -0.046) (0.055, 0.533)

Freshwater Creek—Counts of chinook salmon passing the weir near the mouth of
Freshwater Creek, a tributary to Humboldt Bay, provide a proper census of a small (N ~
20) population of naturally and hatchery-spawned chinook salmon (Figure A.2.7.1).
Chinook salmon occupying this watershed may be part of a larger “population” that uses
tributaries of Humboldt Bay (NCCC-TRT, in preparation). The time series comprises
only 8 years of observations, which is too few to draw strong inferences regarding trends.
Clearly, the trend is positive, although the role of hatchery production in producing this
signal may be significant (Table A.2.7.3; Figure A.2.7.1).

Mad River—Data for naturally spawning fish are available from spawner surveys on
Canon Creek, and to a lesser extent on the North Fork Mad River. Only the counts from
Canon Creek extend continuously to the present (Figure A.2.7.2a). Due to high
variability in these counts, short-term and long-term trends do not differ significantly
from zero, although the tendency is toward a positive trend. Due to a hypothesized, but
unquantified, effect of interannual variation in water availability on distribution of
spawners in the basin, it is not clear whether these data provide any useful information
for the population as a whole; however, more sporadic counts from the mainstem Mad
River suggest that the estimates from Canon Creek capture gross signals, and support the
hypothesis of a recent positive trend in abundance (Figure A.2.7.2b).

Eel River—The Eel River plausibly harbors anywhere from one to five independent
populations (NCCC-TRT, in prep., Table A.2.7.2). Three current time series provide
information for the population(s) that occupy this basin: 1) counts of adults reaching Van
Arsdale Fish Station near the effective headwater terminus of the Eel River (Figure
A.2.7.3a); 2) spawner surveys on Sprowl Creek (tributary to the Eel River) (Figure
A.2.7.3b); and 3) spawner surveys on Tomki Creek (tributary to the Eel River) (Figure
A.2.7.3c). These data are not especially suited to rigorous analysis of population status
for a number of reasons, and sophisticated analyses were not pursued.
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Figure A.2.7.1. Counts of chinook salmon at the weir on Freshwater Creek.
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Figure A.2.7.2. Abundance time series for chinook salmon in portions of the Mad River basin. (a) spawner
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Figure A.2.7.3. Abundance time series for chinook salmon in portions of the Eel River basin. (a) counts of chinook
salmon at Van Arsdale Fish Station at the upstream terminus of anadromous access on the mainstem Eel River;
(b) estimates of spawner abundance based on spawner surveys and additional data from Sprowl Creek; and (c)
estimates of spawner abundance based on spawner surveys and additional data from Tomki Creek.
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Inferences regarding population status drawn from the time series of counts of adult
chinook salmon reaching Van Arsdale Fish Station (VAFS) are weakened by two
characteristics of the data. First, adult salmon reaching VAFS include both naturally and
hatchery-spawned fish, yet the long-term contribution of hatchery production to the
spawner population is unknown and may be quite variable due to sporadic operation of
the egg take-and-release programs since the mid-1970s. Second, and perhaps more
importantly, it is not clear what counts of natural spawners at VAFS indicate about the
population or populations of chinook salmon in the Eel River. As a weir count,
measurement error is expected to be small for these counts. However, very little
spawning habitat exists above VAFS, which sits just below the Cape Horn dam on the
Eel River, which suggests that counts made at VAFS represent the upper edge of the
spawners’ distribution in the Upper Eel River. Spawner access to VAFS and other
headwater habitats in the Eel River basin is likely to depend strongly on the timing and
persistence of suitable river flow, which suggests that a substantial component of the
process error in these counts is not due to population dynamics. For these reasons, no
statistical analysis of these data was pursued.

Additional data for the Eel River population or populations are available from
spawner surveys from Tomki and Sprowl Creeks, which yield estimates of abundance
based on 1) quasi-systematic index site spawner surveys that incorporate mark-recapture
of carcasses and 2) additional so-called “compatible” data from other surveys. Analysis
for Sprowl Creek indicates negative long-term and short-term trends; similar analysis
indicates a long-term decline and short-term increase for Tomki Creek (Table A.2.7.3).
Caution in interpreting these results is warranted, particularly given the quasi-systematic
collection of these data, and the likelihood that these data include unquantified variability
due to flow-related changes in spawners’ use of mainstem and tributary habitats. In
particular, inferences regarding population status based on extrapolations from these data
to basin-wide estimates of abundance are expected to be weak and perhaps not warranted.

Mattole River—Recent spawner and redd surveys on the Mattole River and tributaries
have been conducted by the Mattole Salmon Group since 1994. The surveys provide
useful information on the distribution of salmon and spawning activity throughout the
basin. Local experts have used these and ancillary data to develop rough “index”
estimates of spawner escapement to the Mattole; however, the intensity and coverage of
these surveys has not been consistent, and the resulting data are not suitable for rigorous
estimation of abundance (e.g., through area-under-the-curve analysis).

Russian River—No long-term, continuous time series are available for sites in the Russian
River Basin, but sporadic estimates based on spawner surveys are available for some tributaries.
Video-based counts of upstream migrating adult chinook salmon passing a temporary dam near
Mirabel on the Russian River are available for 2000-2002. Counts are incomplete, due to
technical difficulties with the video apparatus, occasional periods of poor water clarity,
occasional overwhelming numbers of fish, and disparities between counting and migration
periods; thus, these data represent a minimum count of adult chinook salmon. Counts have
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exceeded 1,300 fish in each of the last three years (5,465 in 2002); and a rigorous mark-recapture
estimate of outmigrant abundance in 2002 exceeded 200,000 (Shawn Chase, Sonoma County
Water Agency, personal communication). Since chinook salmon have not been produced at the
Don Clausen Hatchery since 1997, these counts represent natural production or straying from
other systems. No data were available to assess the genetic relationship of these fish to others in
this or other ESUs.

Summary—~Historical and current information indicates that abundance in putatively
independent populations of chinook salmon is depressed in many of those basins where they
have been monitored. The relevance of recent strong returns to the Russian River to ESU status
are not clear as the genetic composition of these fish is unknown. Reduction in geographic
distribution, particularly for spring-run chinook salmon and for basins in the southern portion of
the range, continues to present substantial risk. Genetic concerns are reviewed below (Hatchery
Information). As for previous status reviews, uncertainty continues to contribute substantially to
assessments of risk facing this ESU.

A.2.7.3 Hatchery Information

Hatchery stocks that are being considered for inclusion in this ESU are: 1) Mad River Hatchery; 2)
hatchery activities of the Humboldt Fish Action Council on Freshwater Creek; 3) Yager Creek
Hatchery operated by Pacific Lumber Company; 4) Redwood Creek Hatchery; 5) Hollow Tree
Creek Hatchery; 6) Van Arsdale Fish Station; and 6) hatchery activities of the Mattole Salmon
Group. Chinook salmon are no longer produced at the Don Clausen hatchery on Warm Springs
Creek (Russian River). In general, hatchery programs in this ESU are not oriented toward large-
scale production, but rather are small-scale operations oriented at supplementing depressed
populations.

Freshwater Creek—This hatchery is operated by Humboldt Fish Action Council and CDFG to
supplement and restore natural production in Freshwater Creek. All spawners are from
Freshwater Creek; juveniles are marked and hatchery fish are excluded from use as broodstock.
Weir counts provide good estimates of the proportion of hatchery- and naturally produced fish
returning to Freshwater Creek (30%-70% hatchery from 1997-2001); the contribution of HFAC
production to spawning runs in other streams tributary to Humboldt Bay is unknown.

Mad River—Recent production from this hatchery has been based on small numbers of
spawners returning to the hatchery. There are no estimates of naturally spawning chinook
salmon abundance available for the Mad River to determine the contribution of hatchery
production to chinook salmon in the basin as a whole. Broodstock has generally been drawn
from chinook salmon returning to the Mad River; however, releases in the 1970s and 1980s have
included substantial releases of fish from out-of-basin (Freshwater Creek) and out-of-ESU
(Klamath-Trinity and Puget Sound).

Eel River—Four hatcheries, none of which are major production hatcheries, contribute to
production of chinook salmon in the Eel River Basin: hatcheries on Yager Creek (recent effort:
~12 females spawned per year), Redwood Creek (~12 females), Hollow Tree Creek, and the Van
Arsdale Fish Station (VAFS) (~60 males and females spawned). At the first three hatcheries,
broodstock is selected from adults of non-hatchery origin; at VAFS, broodstock includes both
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natural and hatchery-origin fish. In all cases, however, insufficient data on naturally spawning
chinook salmon are available to estimate the effect of hatchery fish on production or other
characteristics of naturally spawning chinook salmon in the Eel River Basin. Since 1996, all fish
released from VAFS have been marked. Subsequent returns indicate that approximately 30% of
the adult chinook salmon trapped at VAFS are of hatchery origin. It is not clear what these
numbers indicate about hatchery contributions to the population of fish spawning below VAFS.

Mattole River—The Mattole Salmon Group has operated a small hatchbox program since 1980
(current effort: ~40,000 eggs from ~10 females) to supplement and restore chinook salmon and
other salmonids in the Mattole River. All fish are marked, but no rigorous estimate of hatchery
contributions to adult escapement is possible. Hatchery-produced outmigrants comprised
approximately 17.3% (weighted average) of outmigrants trapped during 1997, 1998, and 2000
(Mattole Salmon Group 2000, Five Year Management Plan for Salmon Stock Rescue Operations
2000-2001 through 2004-2005 Seasons). Trapping efforts did not fully span the period of
natural outmigration, so this figure may overerestimate the contribution of hatchbox production
to total production in the basin.

Russian River—Production of chinook salmon at the Don Clausen (Warm Springs Hatchery)
ceased in 1997 and had been largely ineffective for a number of years prior to that. Recent
returns of chinook salmon to the Russian River stem from natural production, and possibly from
fish straying from other basins, including perhaps Central Valley stocks.

Summary

Artificial propagation of chinook salmon in this ESU remains at relatively low levels. No
putatively independent populations of chinook salmon in this ESU appear to be entirely
dominated by hatchery production, although proportions of hatchery fish can be quite high where
natural escapement is small and hatchery production appears to be successful (e.g., Freshwater
Creek). It is not clear whether current hatcheries pose a risk or offer a benefit to naturally
spawning populations. Extant hatchery programs are operated under guidelines designed to
minimize genetic risks associated with artificial propagation, and save for historical inputs to the
Mad River Hatchery stock, do not appear to be at substantial risk of incorporating out-of-basin or
out-of-ESU fish. Thus, it is likely that artificial propagation and degradation of genetic integrity
continue to not represent a substantial conservation risk to the ESU. Categorizations of hatchery
stocks in the California Coastal chinook salmon ESU (SSHAG 2003) can be found in Appendix
AS.1.

A.2.7.4 Comparison with Previous Data

Few new data, and few new datasets were available for consideration, and none of the
recent data contradict the conclusions of previous status reviews. Chinook salmon in the Coastal
California ESU continue to exhibit depressed population sizes relative to historical abundances;
this is particularly true for spring-run chinook salmon, which may no longer be extant anywhere
within the range of the ESU. Evaluation of the significance of recent potential increases in
abundance of chinook salmon in the Russian River must weigh the substantial uncertainty
regarding the genetic relatedness of these fish to others in the northern part of the ESU.

A. CHINOOK 122



Harvest rates are not explicitly estimated for this ESU; however, it is likely that current
restrictions on harvest of Klamath River fall-run chinook salmon maintain low ocean harvest of
chinook salmon from the California Coastal ESU (PFMC 2002a, b). Potential changes in age-
structure of chinook salmon populations (e.g., Hankin et al. 1993) and associated risk has not
been evaluated for this ESU.

No information exists to suggest new risk factors, or substantial effective amelioration of
risk factors noted in the previous status reviews save for recent changes in ocean conditions.
Recent favorable ocean conditions have contributed to apparent increases in abundance and

distribution for a number of anadromous salmonids, but the expected persistence of this trend is
unclear.
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A.3 CHINOOK SALMON BRT CONCLUSIONS

Snake River fall-run chinook salmon ESU

A majority (60%) of the BRT votes for this ESU fell in the “likely to become endangered”
category, with minorities falling in the “danger of extinction” and “not likely to become
endangered” categories (Table A.3.1). This represented a somewhat more optimistic assessment
of the status of this ESU than was the case at the time of the original status review, when the
BRT concluded that Snake River fall-run chinook salmon “face a substantial risk of extinction if
present conditions continue” (Waples et al. 1991). The BRT found moderately high risks in all
VSP elements, with mean risk matrix scores ranging from 3.0 for growth rate/productivity to 3.6
for spatial structure (Table A.3.2).

On the positive side, the number of natural origin spawners in 2001 was well in excess of
1000 for the first time since counts at Lower Granite Dam began in 1975. Management actions
have reduced (but not eliminated) the fraction of fish passing Lower Granite Dam that are strays
from out-of-ESU hatchery programs. Returns in the last two years also reflect an increasing
contribution from supplementation programs based on the native Lyons Ferry Broodstock. With
the exception of the increase in 2001, the ESU has fluctuated between approximately 500-1000
adults, suggesting a somewhat higher degree of stability in growth rate and trends than is seen in
many other salmon populations.

In spite of the recent increases, however, the recent geometric mean number of naturally
produced spawners is still less than 1000, a very low number for an entire ESU. Because of the
large fraction of naturally spawning hatchery fish, it is difficult to assess the productivity of the
natural population. The relatively high risk matrix scores for spatial structure and diversity (3.5-
3.6) reflect the concerns of the BRT that a large fraction of historic habitat for this ESU is
inaccessible, diversity associated with those populations has been lost, the single remaining
population is vulnerable to variable environmental conditions or catastrophes, and continuing
immigration from outside the ESU at levels that are higher than occurred historically. Some
BRT members were concerned that the efforts to remove stray, out-of-ESU hatchery fish only
occur at Lower Granite Dam, well upstream of the geographic boundary of this ESU. Specific
concerns are that natural spawners in lower river areas will be heavily affected by strays from
Columbia River hatchery programs, and that this approach effectively removes the natural buffer
zone between the Snake River ESU and Columbia River ocean-type chinook salmon. The
effects of these factors on ESU viability are not known, as the extent of natural spawning in areas
below Lower Granite Dam is not well understood, except in the lower Tucannon River.

Snake River spring/summer-run chinook salmon ESU

About two-thirds (68%) of the BRT votes for this ESU fell in the “likely to become
endangered” category, with minorities falling in the “danger of extinction” and “not likely to
become endangered” categories (Table A.3.1). As indicated by mean risk matrix scores, the
BRT had much higher concerns about abundance (3.6) and growth rate/productivity (3.5) than
for spatial structure (2.2) and diversity (2.3) (Table A.3.2).
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Although there are concerns about loss of an unquantified number of spawning
aggregations that historically may have provided connectivity between headwater populations,
natural spawning in this ESU still occurs in a wide range of locations and habitat types.

Like many others, this ESU saw a large increase in escapement in many (but not all)
populations in 2001. The BRT considered this an encouraging sign, particularly given the record
low returns seen in many of these populations in the mid 1990s. However, recent abundance in
this ESU is still short of the levels that the proposed recovery plan for Snake River salmon
indicated should be met over at least an eight year period (NMFS 1995). The BRT considered it
a positive sign that the non-native Rapid River broodstock has been phased out of the Grande
Ronde system, but the relatively high level of both production/mitigation and supplementation
hatcheries in this ESU leads to ongoing risks to natural populations and makes it difficult to
assess trends in natural productivity and growth rate.

Upper Columbia River spring-run chinook salmon ESU

Assessments by the BRT of the overall risks faced by this ESU were divided, with a slight
majority (53%) of the votes being cast in the “danger of extinction” category and a substantial
minority (45%) in the “likely to be endangered” category (Table A.3.1). The mean risk matrix
scores reflect strong ongoing concerns regarding abundance (4.4) and growth rate/productivity
(4.5) in this ESU and somewhat less (but still significant) concerns for spatial structure (2.9) and
diversity (3.5) (Table A.3.2).

Many populations in this ESU have rebounded somewhat from the critically low levels that
immediately preceded the last status review evaluation, and this was reflected in the substantial
minority of BRT votes cast that were not cast in the “danger of extinction” category. Although
this was considered an encouraging sign by the BRT, the last year or two of higher returns come
on the heels of a decade or more of steep declines to all time record low escapements. In
addition, this ESU continues to have a very large influence by hatchery production, both from
production/mitigation and supplementation programs. The extreme management measures taken
in an effort to maintain populations in this ESU during some years in the late 1990s (collecting
all adults from major basins at downstream dams) are a strong indication of the ongoing risks to
this ESU, although the associated hatchery programs may ultimately play a role in helping to
restore self-sustaining natural populations.

Lower Columbia River chinook salmon ESU

A majority (71%) of the BRT votes for this ESU fell in the “likely to become
endangered” category, with minorities falling in the “danger of extinction” and “not likely to
become endangered” categories (Table A.3.1). Moderately high concerns for all VSP elements

are indicated by mean risk matrix scores ranging from 3.2 for abundance to 3.9 for diversity
(Table A.3.2).

All of the risk factors identified in previous reviews were still considered important by the
BRT. The Willamette/Lower Columbia River TRT has estimated that 8-10 historic populations

A. CHINOOK 144



in this ESU have been extirpated, most of them spring-run populations. Near loss of that
important life history type remains in important BRT concern. Although some natural
production currently occurs in 20 or so populations, only one exceeds 1000 spawners. High
hatchery production continues to pose genetic and ecological risks to natural populations and to
mask their performance. Most populations in this ESU have not seen as pronounced increases in
recent years as occurred in many other geographic areas.

Upper Willamette River chinook salmon ESU

A majority (70%) of the BRT votes for this ESU fell in the “likely to become endangered”
category, with minorities falling in the “danger of extinction” and “not likely to become
endangered” categories (Table A.3.1). The BRT found moderately high risks in all VSP
elements (mean risk matrix scores ranged from 3.1 for growth rate/productivity to 3.6 for spatial
structure) (Table A.3.2).

Although the number of adult spring-run chinook salmon crossing Willamette Falls is in
the same range (about 20,000—70,000) it has been for the last 50 years, a large fraction of these
are hatchery produced. The score for spatial structure reflects concern by the BRT that perhaps a
third of the historic habitat used by fish in this ESU is currently inaccessible behind dams, and
the BRT remained concerned that natural production in this ESU is restricted to a very few areas.
Increases in the last 3-4 years in natural production in the largest remaining population (the
McKenzie) were considered encouraging by the BRT. With the relatively large incidence of
hatchery fish, it is difficult to determine trends in natural production.

Puget Sound chinook salmon ESU

A majority (74%) of the BRT votes for this ESU fell in the “likely to become endangered”
category, with minorities falling in the “danger of extinction” and “not likely to become
endangered” categories (Table A.3.1). The BRT found moderately high risks in all VSP
elements, with mean risk matrix scores ranging from 2.9 for spatial structure to 3.6 for growth
rate/productivity (Table A.3.2).

Most population indices for this ESU have not changed substantially since the last BRT
assessment. The Puget Sound TRT has identified approximately 31 historic populations, of
which 9 are believed to be extinct, with most of the populations that have been lost being early
run. Other concerns noted by the BRT are the concentration of the majority of natural
production in just two basins, high levels of hatchery production in many areas of the ESU, and
widespread loss of estuary and lower floodplain habitat diversity (and, likely, associated life
history types). Although populations in this ESU have not experienced the sharp increases in the
last 2-3 years seen in many other ESUs, more populations increased than decreased over the 4
years since the last BRT assessment. After adjusting for changes in harvest rates, however,
trends in productivity are less favorable. Most populations are relatively small, and recent
natural production within the ESU is only a fraction of estimated historic run size. On the
positive side, harvest rates for all populations have been reduced from their peaks in the 1980s,
and some hatchery reforms have been implemented (e.g., elimination of many net pen programs
that were leading to widespread straying, and transition of other programs to more local
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broodstocks). The BRT felt that these management changes should help facilitate recovery if
other limiting factors (especially habitat degradation) are also addressed. The BRT felt that the
large recovery effort organized around the Puget Sound Shared Strategy was a positive step
because it could help to link and coordinate efforts in many separate, local watersheds.

California Coastal chinook salmon ESU

A majority (67%) of the BRT votes for this ESU fell in the “likely to become endangered”
category, with votes falling in the “danger of extinction” category outnumbering those in “not
warranted” category by nearly 2-to-1 (Table A.3.1). The BRT found moderately high risks in all
VSP elements, with mean risk matrix scores ranging from 3.1 for diversity to 3.9 for abundance
(Table A.3.2).

The BRT was concerned by continued evidence of low population sizes relative to
historical abundance and mixed trends in the few time series of abundance indices available for
analysis, and by the low abundances and potential extirpations of populations in the southern part
of the ESU. The BRT’s concerns regarding genetic integrity of this ESU were moderate or low
relative to similar issues for other ESUs because 1) hatchery production in this ESU is on a
minor scale, and 2) current hatchery programs are largely focused on supplementing and
restoring local populations. However, the BRT did have concerns with respect to diversity that
were based largely on the loss of spring-run chinook salmon in the Eel River basin and elsewhere
in the ESU, and to a lesser degree on the potential loss of diversity concurrent with low
abundance or extirpation of populations in the southern portion of the ESU. Overall, the BRT
was strongly concerned by the paucity of information and resultant uncertainty associated with
estimates of abundance, natural productivity and distribution of chinook salmon in this ESU.

Sacramento River winter-run chinook salmon ESU

A majority (60%) of the BRT votes fell into the “in danger of extinction” category, with a
minority (38%) voting for the “likely to become endangered” and only 2% voting for “not
warranted.” (Table A.3.1). The main VSP concerns were in the spatial structure and diversity
categories (4.8 and 4.2, respectively), although there was significant concern in the abundance
and productivity categories (3.7 and 3.5, respectively) (Table A.3.2).

The main concerns of the BRT relate to the lack of diversity within this ESU. The BRT
was very troubled by the fact that this ESU is represented by a single population that has been
displaced from its historic spawning habitat into an artificial habitat created and maintained by a
dam. The BRT presumed that several independent populations of winter-run chinook salmon
were merged into a single population, with the potential for a significant loss of life history and
genetic diversity. Furthermore, the population has passed through at least two recent
bottlenecks—one when Shasta Dam was filled and another in the late 1980s-early 1990s—that
probably further reduced genetic diversity. The population has been removed from the
environment where it evolved, dimming its long-term prospects for survival. The BRT was
modestly heartened by the increase in abundance since the lows of the late 1980s and early
1990s.
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Central Valley spring-run chinook salmon ESU

A large majority (69%) of the BRT votes fell into the “likely to become endangered”
category, with a minority (27%) of votes going to “in danger of extinction” and 4% “not
warranted” (Table A.3.1). There was roughly equal concern about abundance, spatial structure
and diversity (3.5-3.8), and less concern about productivity (2.8) (Table A.3.2).

A major concern of the BRT was the loss of diversity caused by the extirpation of spring-
run chinook salmon populations from most of the Central Valley, including all San Joaquin
tributaries. The only populations left in the Sierra Nevada ecoregion are supported by the
Feather River hatchery. Another major concern of the BRT was the small number and location of
extant spring-run chinook salmon populations-- only three streams, originating in the southern
Cascades, support self-sustaining runs of spring-run chinook salmon, and these three streams are
close together, increasing their vulnerability to catastrophe. Two of the three extant populations
are fairly small, and all were recently quite small. The BRT was also concerned about the
Feather River spring-run chinook salmon hatchery population, which is not in the ESU but does
produce fish that potentially could interact with other spring-run chinook salmon populations,
especially given the off-site release of the production.
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Table A.3.1. Tally of FEMAT vote distribution regarding the status of 9 chinook salmon ESUs reviewed by the chinook salmon BRT.
Each of 15 BRT members allocated 10 points among the three status categories.

ESU At Risk of Likely to Become | Not Likely to Become
Extinction Endangered Endangered
Snake River fall-run 38 91 21
Snake River spring/summer-run 30 102 18
Upper Columbia River spring-run 79 67 4
Puget Sound 12 111 27
Lower Columbia River 25 107 18
Upper Willamette River 32 105 13
California Coastal’ 36 100 13
Sacramento River winter-run’ 78 49 3
CA Central Valley spring-run” 35 90 5
One BRT member assigned 9 points “ Votes tallied for 13 BRT members

Table A.3.2. Summary of risk scores (1 = low to 5 = high) for four VSP categories (see section "Factors Considered in Status
Assessments" for a description of the risk categories) for the 9 chinook salmon ESUs reviewed. Data presented are means

(range).

Growth Spatial Structure . .
ESU Abundance Rate/Productivity agd Connectivity Diversity
Snake River fall-run 3.4 (2-5) 3.0 (2-5) 3.6 (2-5) 3.5(2-5)
Snake River spring/summer-run 3.6 (2-5) 3.5(3-5) 2.2 (1-3) 2.3(1-3)
Upper Columbia River spring-run 4.4 (3-5) 4.5 (3-5) 29 (24 3.5(2-5)
Puget Sound 3324 3.6 (349 2924 3224
Lower Columbia River 3.2(2-9) 3.7(3-5) 3.534 3.9 (3-5
Upper Willamette River 3.7(2-5) 3.1(2-5 3.6 (34 3224
California Coastal’ 3.9(3-5 3334 3224 3.1(2-9
Sacramento River winter-run’ 3.7 (3-5) 3.5(2-5) 4.8 (4-5) 4.2 (3-5)
CA Central Valley spring-run2 3.5(3-4) 2.8 (2-4) 3.8 (3-5) 3.8 (3-5)

A. CHINOOK 148



A.4 REFERENCES

Anonymous. 1998. ODFW Columbia River Management unpublished files: Willamette Falls
fish passage 1946-97.

Beamesderfer, R. C. P., H. P. Schaller, M. P. Zimmerman, C. E. Petrosky, O. P. Langness, and
L. LaVoy. 1997. Spawner-recruit data for spring and summer chinook salmon
populations in Idaho, Oregon, and Washington. Unpublished draft manuscript dated
6/23/97, 78 p. (Compiled and edited by ESSA Technologies Ltd., Vancouver, B.C.)

Bennett, D. E. 1986. Fish passage at Willamette Falls in 1985, Annual report, January 1-
December 31, 1985. ODFW, Portland, OR.

Bennett, D. E. and C.A. Foster. 1990. 1989 Willamette River spring chinook run, fisheries, and
passage at Willamette Falls. ODFW.

Bennett, D. E. and C. A. Foster. 1994. 1993 Willamette River spring chinook salmon run.
ODFW, Portland, OR.

Bennett, D. E. and C.A. Foster. 1995. 1994 Willamette river spring chinook run, fisheries, and
passage at Willamette Falls, draft. Unpublished.

Bishop, S. and A. Morgan (eds.). 1996. Critical habitat issues by basin for natural chinook
salmon stocks in the coastal and Puget Sound areas of Washington State. Northwest
Indian Fisheries Commission, Olympia, WA, 105 p.

Botsford, L. W. and J. G. Brittnacher. 1998. Viability of Sacramento River winter-run chinook
salmon. Conserv. Biol. 12:65-79.

Bugert, R. M., and B. Hopley. 1989. The Snake River fall chinook salmon egg bank program:
The final chapter. Washington Department of Fisheries, 7 p. (Available from Washington
Department of Fish and Wildlife, 600 Capital Way N., Olympia WA 98501-1091.)

Bugert, R.M., C. W. Hopley, C. A. Busack, and G. W. Mendel. 1995. Maintenance of stock
integrity in Snake River fall chinook salmon. Uses and Effects of Cultured Fishes in
Aquatic Ecosystems. American Fisheries Society, Bethesda, MD, Vol. 15: 267-276.

Burgner, R. L. 1991. the life history of sockeye salmon (Oncorhynchus nerka). In C. Groot and
L. Margolis (eds.), Life history of Pacific salmon, p. 3-117. Univ. B.C. Press,
Vancouver, B.C.

Busack, C. and D. Rawding. 2003. HPVA results for salmon and steelhead production in
Washington Lower Columbia Basins. Appendix J in McElhany et al. Interim report on

viability criteria for Willamette and Lower Columbia basin Pacific salmonids. NMFS-
NWEFSC.

A. CHINOOK 149



Carie, D. G. 2000. Spring and summer chinook salmon spawning ground surveys on the Entiat
River, 2000. U.S. Fish & Wildlife Service Rept. Mid-Columbia River Fishery Resource
Office. Leavenworth, Washington. 17 pp.

CDFG (California Department of Fish and Game). 1998. Report to the Fish and Game
Commission: a status review of the spring-run chinook salmon (Oncorhynchus
tshawytscha) in the Sacramento River drainage. California Department of Fish and
Game, Sacramento, CA.

CDFQG (California Department of Fish and Game). 2001. Final report on anadromous salmonid
fish hatcheries in California. Technical report, California Department of Fish and Game
and National Marine Fisheries Service Southwest Region. (http://swr.nmfs.noaa.gov/
HatcheryReviewPublicDraft2.pdf)

Campbell, B. 2000. Salmonid Stock Inventory (SaSSI) database.

Castle, P. and N. Currens. 2001a. Personal communication from Nooksack comanagers to the
Puget Sound Technical Recovery Team. December 11, 2001.

Castle, P. and N. Currens. 2001b. North Fork Nooksack native spring chinook escapement
methodology. Memo to the Puget Sound Technical Recovery Team. December 2001

Chapman, D. W. 1986. Salmon and steelhead abundance in the Columbia River in the
nineteenth century. Trans. Am. Fish. Soc. 115:662-670.

Chilcote, M. W. 2001. Conservation Assessment of Steelhead Populations in Oregon. Oregon
Department of Fish and Wildlife. Portland, OR.

Cooney, T. 2001. Upper Columbia River steelhead and spring chinook salmon quantitative
analysis report. Part 1: run reconstructions and preliminary analysis of extinction risks.
National Marine Fisheries Service. Hydro Program. Technical Review Dratft.

Craig, J. A., and A. J. Suomela. 1941. Time of appearance of the runs of salmon and steelhead
trout native to the Wenatchee, Entiat, Methow, and Okanogan Rivers. Cited In J. W.
Mullan, K. R. Williams, G. Rhodus, T. W. Hillman, and J. D. McIntyre (editors). 1992.
Production and habitat of salmonids in mid-Columbia River tributary streams. U.S. Fish
Wildl. Serv. Monograph 1:J358-J380.

Cramer, D. 2002d. Sandy R Spring Chinook Counts at Marmot Dam. Portland General Electric

Excel Workbook delivered via e-mail to Paul McElhany and Sarah Sydor,
NWEFSC.

Cramer, D. 2002e. Portland General Electric - Clackamas River spring chinook adults. Portland
General Electric. Data delivered via e-mail from Kathryn Kostow, Oregon Dept of Fish
and Wildlife.

A. CHINOOK 150



Dauble, D. D., R. L. Johnson, and A. P. Garcia. 1999. Fall chinook salmon spawning in the
tailraces of lower Snake River hydroelectric projects. Trans. Amer. Fish Soc. 128 (4):
672-679.

Dennis, B., P. L. Munholland, and J. M. Scott. 1991. Estimation of growth and extinction
parameters for endangered species. Ecol. Mono. 61:115-143.

FCRPS (Federal Columbia River Power System). 2000. Endangered Species Act - Section 7
Consultation, Biological Opinion; Reinitiation of Consultation on Operation of the
Federal Columbia River Power System, Including the Juvenile Fish Transportation
Program, and 19 Bureau of Reclamation Projects in the Columbia Basin between the U.S.
Army Corps of Engineers, Bonneville Power Administration, Bureau of Reclamation,
and the National Marine Fisheries Service. National Marine Fisheries Service, Northwest
Region. December 21, 2000.

Fisher, F. W. 1994. Past and present status of Central Valley chinook salmon. Conserv. Biol.
8:870-873.

Ford, M, P. Budy, C. Busack, D. Chapman, T. Cooney, T. Fisher, J. Geiselman, T. Hillman, J.
Lukas, C. Peven, C. Toole, E. Weber, and P. Wilson. 2001. Final report of the Upper
Columbia River Steelhead and Spring Chinook Salmon Biological Requirements
Committee, March 2001. National Marine Fisheries Service, Northwest Fisheries
Science Center, Seattle, WA.

Foster, C. A. 1998. Excerpt from: 1997 Willamette River spring chinook salmon run fisheries
and passage at Willamette Falls (draft). Unpublished.

Foster, C. A. 2000. 1999 Willamette River Spring Chinook Run, Fisheries, and Passage at
Willamette Falls. (Dratft).

Foster, C. A. 2002. Willamette Falls Counts by Year (dynamic database).

Fulop, J. 2002. Oregon Lower Columbia River Fall and Winter Chinook Spawning Ground
Surveys, 1948-2000. Oregon Department of Fish and Wildlife, Columbia River
Management. Portland, OR.

Fulop, Jeff. 2003. Oregon Lower Columbia River Fall and Winter Chinook Spawning Ground
Surveys, 1952-2002. Focus on 2001-2002 Oregon Department of Fish and Wildlife,
Columbia River Management. Portland, OR.

Fulton, L. A. 1968. Spawning areas and abundance of chinook salmon, Oncorhynchus
tshawytscha, in the Columbia River Basin--Past and present. U.S. Fish. Wildl. Serv.
Spec. Sci. Rep.--Fish. 571, 26 p.

Gilbert, C. H. 1912. Age at maturity of Pacific coast salmon of the genus Oncorhynchus. Bull.
U.S. Fish Comm. 32:57-70.

A. CHINOOK 151



Hallock, R. J. and F. W. Fisher. 1985. Status of winter-run chinook salmon, Oncorhynchus
tshawytscha, in the Sacramento River. California Department of Fish and Game,
Anadromous Fisheries Branch. 29 p.

Hankin, D. G., J. W. Nicholas and T. W. Downey. 1993. Evidence for inheritance of age of
maturity in chinook salmon, Onchorhynchus tshawytscha. Can. J. fish. Aquat. Sci.

Hayman, B. 2002. Personal communication to Norma Jean Sands, NWFSC. January 2002.

Healey, M. C. 1983. Coastwide distribution and ocean migration patterns of stream- and ocean
type chinook salmon, Oncorhynchus tshawytscha. Canadian Field-Naturalist 97:427-
433.

Healey, M. C. 1986. Optimum size and age at maturity in Pacific salmon and effects of size
selective fisheries. Can. Spec. Publ. Fish. Aquat. Sci. 89:39-52.

Healey, M. C. 1991. The life history of chinook salmon (Oncorhynchus tshawytscha). In C.
Groot and L. Margolis (eds), Life history of Pacific salmon, p. 311-393. Univ. BC Press,
Vancouver, BC.

Hedgecock, D. 2002. Microsatellite DNA for the management and protection of California's
Central Valley chinook salmon (Oncorhynchus tshawytscha). Final report for the
amendment to agreement No. B-59638. UC Davis, Bodega Bay, CA.

Higgins P., S. Dobush, and D. Fuller. 1992. Factors in Northern California threatening stocks
with extinction. Humboldt Chapter of the American Fisheries Society. 26 pp.

Holmes, E. E. 2001. Estimating risks in declining populations with poor data. Proc. Nat. Acad.
Sci. USA 98:5072-5077.

Howell, P. J. 1986. Willamette basin fish management plan: status and progress 1979-85.
ODFW, Portland, OR.

Hubble, J. and S. Crampton. 2000. Methow basin spring chinook spawner ground survey report
for 1999. Fisheries Resource Management Program. Yakama Nation. Prepared for
Douglas County PUD. 17 pp + tables.

Irving J. S. and T. Bjornn. 1991. A forecast of abundance of Snake River fall chinook salmon.
Prepared for U.S. Fish & Wildlife Service. Unpubl. MS. 55 p. Available from Idaho
Cooperative Fishery Research Unit. Univ. of Idaho, Moscow, ID.

Johnson, T. 2003a. Age data (2001 and 2002), unpublished. March 27, 2003.

Johnson, T. 2003b. Personal communication to Norma Jean Sands and co-managers. March 27,
2003.

A. CHINOOK 152



Joint Chinook Technical Committee (CTC). 1999. Annual reports for 1995 and 1996.

Joint Chinook Technical Committee (CTC). 2000. CTC model and ER analyses output. Dell
Simmons, December 2000.

Kostow, K. 2002. Leaburg and McKenzie abundance from ODFW. Data delievered via e-mail,
September 2002.Kreitman, G. 1981. Addendum to 8/13/80 naturally spawning population
estimates memo. Streamnet Reference.

Lampkis, N. 2003. Run reconstruction tables. Unpublished data. March 31, 2003.

Lindley, S. T. and M. H. Mohr. 2003. Predicting the impact of striped bass (Morone saxatilis)
population manipulations on the persistence of winter-run chinook salmon
(Oncorhynchus tshawytscha). Fish. Bull., U.S. 101:321-331.

Lindley, S. T. (in press). Estimation of population growth and extinction parameters from noisy
data. Ecol. Appl.

Marmorek, D. R., C. N. Peters and . Parnell (eds). 1998. Plan for analyzing and testing
hypotheses (PATH): final report for fiscal year 1998. ESSA Technologies Ltd.,
Vancouver, BC.

Marshall, A. R., C. Smith, R. Brix, W. Dammers, J. Hymer, and L. LaVoy. 1995. Genetic
diversity units and major ancestral lineages for chinook salmon in Washington. /n C.
Busack and J. B. Shaklee (eds.), Genetic diversity units and major ancestral lineages of
salmonid fishes in Washington, p. 111-173. Wash. Dep. Fish Wildl. Tech. Rep. RAD 95-
02. (Available from Washington Department of Fish and Wildlife, 600 Capital Way N.,
Olympia WA 98501-1091)

Marshall, A. R., H. L. Blankenship, and W. P. Connor. 2000. Genetic Characterization of
Naturally Spawned Snake River Fall-Run Chinook Salmon. Trans. Amer. Fish. Soc. 129:
680-698.

Matthews, G. M., and R. S. Waples. 1991. Status review for Snake River spring and summer
chinook salmon. NOAA Tech. Memo. NMFS F/NWC-200, 75 p. (Available from Natl.
Mar. Fish. Serv., Northwest Fisheries Science Center, Coastal Zone and Estuarine Studies
Division, 2725 Montlake Blvd. E., Seattle, WA 98112-2097.)

McClure, M. M., E. E. Holmes, B. L. Sanderson, and C. E. Jordan. (in press). A large-scale,
multi-species status assessment: anadromous salmonids in the Columbia River Basin.
Ecol. Appl.

McElhany, P., M. H. Ruckelshaus, M. J. Ford, T. C. Wainwright, and E. P. Bjorkstedt. 2000.

Viable salmonid populations and the recovery of evolutionarily significant units. U. S.
Dept. Commer. NMFS-NWFSC-42.

A. CHINOOK 153



McElhany, P., T. Backman, C. Busack, S. Heppell, S. Kolmes, A. Maule, J. Myers, D. Rawding,
D. Shively, and C. Steward. 2002. Willamette/Lower Columbia Pacific salmonid
viability criteria. Draft report from the Willamette/Lower Columbia Technical Recovery
Team. December 2002.

McElhany, P., T. Backman, C. Busack, S. Heppell, S. Kolmes, A. Maule, J. Myers, D. Rawding,
D. Shively, A. Steel, and C. Steward. 2003. Interim report on viability criteria for

Willamette and Lower Columbia basin Pacific salmonids. Report from the
Willamette/Lower Columbia Technical Recovery Team. NMFS-NWFSC. March 2003.

McPhalil, J.D., and C. C. Lindsey. 1970. Freshwater fishes of Northwestern Canada and Alaska.
Bull. Fish. Res. Board Can. 173:381.

Miller, R. J., and E. L. Brannon. 1982. The origin and development of life-history patterns in
Pacific salmon. /n E. L. Brannon and E. O. Salo (eds), Proceedings of the Salmon and
Trout Migratory Behavior Symposium., p. 296-309. Univ. Wash. Press, Seattle, WA.

Moffett, J. W. 1949. The first four years of king salmon maintenance below Shasta Dam,
Sacramento River, California. Cal. Fish Game 35:77-102.

Mosey, T. R. and L. J. Murphy. 2002. Spring and summer spawning ground surveys on the
Wenatchee River basin, 2001. Washington Dept. of Fish & Wildlife Rept. to Chelan
County PUD. 35 pp + appendices.

Murtagh, T., J. Massey, and D. E. Bennett. 1997. Excerpt from: Sandy River basin fish
management plan 1997 (draft). Unpublished. Streamnet reference.

Myers, J. M., R. G. Kope, B. J. Bryant, D. Teel, L. J. Lierheimer, T. C. Wainwright, W. S. Grant,
F. W. Waknitz, K. Neely, S. T. Lindley, and R. S. Waples. 1998. Status review of
chinook salmon from Washington, Idaho, Oregon, and California. U.S. Dep. Commer.,
NOAA Tech. Memo NMFS-NWFSC-35, 443 p.

Myers, J. M., C. Busack, D. Rawding, and A. Marshall. 2002. Identifying historical populations
of chinook and chum salmon and steelhead within the lower Columbia River and upper
Willamette River evolutionary significant units. Draft report to the co-managers from the
Willamette/Lower Columbia River Technical Recovery Team (10 May 2002).

Nehlsen W., J. E. Williams, and J. A. Lichatowich. 1991. Pacific salmon at the crossroads:
stocks at risk from California, Oregon, Idaho, and Washington. Fisheries 16(2): 4-21.

NMES (National Marine Fisheries Service). 1987. Endangered and threatened species; winter-
run chinook salmon. Federal Register [Docket No. 27 Febuary 1986] 52(39):6041-6048.

A. CHINOOK 154



NMES (National Marine Fisheries Service). 1995. Proposed recovery plan for Snake River
Salmon. 364 p. + app. (Available from Environmental and Technical Services Division,
Natl. Mar. Fish. Serv., 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

NMEFS (National Marine Fisheries Service). 1997. NMFS proposed recovery plan for the
Sacramento River winter-run chinook. NMFS Southwest Region, Long Beach, CA.

NMEFS (National Marine Fisheries Service). 1998. Conclusions regarding the updated status of
Puget Sound, Lower Columbia River, Upper Willamette River, and Upper Columbia
River spring-run ESUs of West Coast Chinook Salmon. Memorandum to U. Varanasi
(Northwest Fisheries Science Center, NMFS), W. Stelle (NWFSC, NMFS), and W.
Hogarth (Southwest Fisheries Science Center, NMFS) from M. Schiewe (Northwest
Fisheries Science Center, NMFS), 12 February 1999. 62 p.

NMFS (National Marine Fisheries Service). 1999. Status review update for deferred ESUs of
West Coast chinook salmon (Oncorhynchus tshawytscha) from Washington, Oregon,
California, and Idaho. Memorandum to U. Varanasi (Northwest Fisheries Science
Center, NMFS) and M. Tillman (Southwest Fisheries Science Center, NMFS) from M.
Schiewe (Northwest Fisheries Science Center, NMFS), 16 July 1999. 116 p.

NMEFS (National Marine Fisheries Service). 2002. Meeting between Nooksack co-managers
(Pete Castle and Dale Griggs) and NMFS (Susan Bishop and Norma Jean Sands). July
29, 2002.

NMEFS (National Marine Fisheries Service) and Co-managers. 2002. NMFS/Co-managers
Meeting Point No Point. August 8, 2002.

Nisqually Co-managers. 2002. Personal communication to the Puget Sound Technical Recovery
Team.

Norman, G. 1982. Population estimates of natural spawning adults and jack fall chinook on the
Wind, Big White Salmon, and Klickitat rivers, 1964-81. Unpublished Streamnet
Reference.

NWIFC (Northwest Indian Fisheries Commission). 2001. Estimation of contribution of
hatchery origin fall chinook salmon to Duwamish-Green River spawning ground
populations. NWIFC memo to Distribution June 30, 2001.

ODFW (Oregon Dept of Fish and Wildlife). 1990. Sandy River subbasin: Salmon and steelhead
production plan. Oregon Department of Fish and Wildlife. Northwest Power Planning
Council. Streamnet Reference.

ODFW (Oregon Dept of Fish and Wildlife). 1998. ODFW Columbia River Management

unpublished files: Estimated number of spawning fall chinook in lower Columbia River
tributaries, 1964-1997. Unpublished abundance data and refererence from Streamnet.org.

A. CHINOOK 155



ODFW (Oregon Department of Fish and Wildlife). 2002. Spring Chinook Salmon in the
Willamette and Sandy Rivers. Oregon Department of Fish and Wildlife, Fish Research
Project Oregon, Annual Progress Report. Portland, OR.

ODFW (Oregon Dept of Fish and Wildlife). 1999. Field data forms and files of ODFW
spawning ground surveys, Columbia River Management. ODFW.

PFMC (Pacific Fishery Management Council). 1997. Review of the 1996 ocean salmon
fisheries. PFMC, 275 p.

PFMC (Pacific Fishery Management Council). 2001. Review of 2000 ocean salmon fisheries.
(Document prepared for the Council and its advisory entities.). Technical report, Pacific
Fishery Management Council, 7700 NE Ambassador Place, Suite 200, Portland, OR

PFMC (Pacific Fishery Management Council). 2002a. Review of 2001 ocean salmon fisheries.
(Document prepared for the Council and its advisory entities.). Technical report, Pacific
Fishery Management Council, 7700 NE Ambassador Place, Suite 200, Portland, OR.

PFMC (Pacific Fishery Management Council). 2002b. Preseason Report I Stock Abundance
Analysis for 2002 Ocean Fisheries. Pacific Fishery Management Council, Portland, OR.

PFMC (Pacific Fishery Management Council). Central Valley winter and spring chinook salmon
workgroup report. Exhibit B.8.b, March 2003. Pacific Fishery Management Council,
Portland, OR.

PSC (Pacific Salmon Commission). 1994. Pacific Salmon Commission Joint Chinook
Technical Committee 1993 annual report. Pacific Salmon Commission. Report Chinook
(94)-1, 121 p. + app.

PSC (Pacific Salmon Commission). 2002. Lower Columbia Harvest Rate. Unpublished. Excel
spreadsheets provided by Dell Simmons that include age structure information. Based on
PFMC Chinook Technical Committee CWT analysis.

Phinney, C. 2001. Personal communication from Puyallup Indian Fisheries to Puget Sound
Technical Recovery Team. January 25, 2001.

Puget Sound Indian Tribes and WDFW (Washington Department of Fish and Wildlife). 2001.
Puget Sound Comprehensive Chinook Management Plan: Harvest Management
Component. March 2001.

PSTRT (Puget Sound Technical Recovery Team). 2001. Independent populations of chinook
salmon in Puget Sound. Puget Sound Technical Recovery Team Report. 92 pp.

PSTRT (Puget Sound Technical Recovery Team). 2002. Planning ranges and preliminary
guidelines for the delisting and recovery of the Puget Sound chinook salmon

A. CHINOOK 156



evolutionarily significant unit . Puget Sound Technical Recovery Team Report. 17 pp.
(available at: http://www.nwfsc.noaa.gov/cbd/trt/trt puget.htm ).

Rawding, D. 2001a. Lower Columbia Chinook Escapement (WDFW). Excel file provided by
Dan Rawding in Fall 2001.

Rawson, K. 2001. Terminal harvest rates for Snohomish River using terminal run
reconstruction. November 2001.

Rawson, K. and Kraemer, C. Personal communication to the Puget Sound Technical Recovery
Team.

Rawson, K. and Kraemer, C. 2001. Unpublished data from otolith sampling on spawning
grounds. February 2001.

Reynolds, F. L., T. J. Mills, R. Benthin, and A. Low. 1993. Restoring Central Valley streams: a
plan for action. California Department of Fish and Game, Sacramento, CA.

SSHAG (Salmon Steelhead Hatchery Assessment Group). 2003. Hatchery Broodstock
Summaries and Assessments for Chum Salmon, Coho Salmon, Chinook Salmon, and
Steelhead within Listed and ESUs. Technical review draft. NMFS Northwest and
Southwest Fisheries Science Centers.

Sands, N. J. A User’s Guide to the abundance and productivity tables (Excel Workbook). In
prep.

Sanford, B. 2003. WDFW pers. com. Washington chinook escapement data emailed to Paul
McElhany April 1, 2003Scott, J. 2002. Personal communication to the Puget Sound
Technical Recovery Team. May 21, 2002.

Serl, J. and Morrill C. 2002. Draft 2002 annual report for the Cowlitz Falls project. Prepared by
WDFW for BPA contract number 96B192557.

Shardlow, T.F., T. M. Webb and D. T. Lightly. 1986. Chinook salmon escapement estimation
on the Campbell and Quinsam Rivers in 1984: accuracy and precision of mark/recapture
techniques using tagged salmon carcasses. Canadian Technical Report of Fisheries and
Aquatic Sciences 1507. 52 p.

Snider, B. and B. Reavis and S. Hill. 1999. 1998 Upper Sacramento River winter-run chinook
salmon escapement survey May-August 1998. California Department of Fish and Game,
Water and Aquatic Habitat Conservation Branch, Stream Evaluation Program Report.
January 1999.

Steel, E. A. and M. B. Sheer. 2002. Broad-scale habitat analyses to estimate fish densities for

viability criteria. Appendix C in Willamette/Lower Columbia Pacific salmonid viability
criteria. Willamette/Lower Columbia Technical Recovery Team Report. December 2002.

A. CHINOOK 157



Steel, A. and M. Sheer. 2003. Broad-scale habitat analysis to estimate fish densities for viability
criteria. Appendix I in McElhany et al. Interim report on viability criteria for Willamette
and lower Columbia basin Pacific salmonids. NMFS-NWFSC.

USFWS (United States Fish and Wildlife Service). 1997. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by D. Finberg, 26 February 1997,

4p.

Wahle R. J., Pearson. 1987. A listing of Pacific Coast spawning streams and hatcheries
producing chinook and coho spawners. NOAA Tech. Memo. NMFS F/NWC-122,32p.

Waknitz, F. W., G. M. Matthews, T. Wainwright, and G. A. Winans. 1995. Status review for
Mid-Columbia River summer chinook salmon. NOAA Tech. Mem. NMFS-NWFSC-22,
80 p.

Waples, R. S. 1991. Pacific salmon, Oncorhynchus spp., and the definition of "species" under
the Endangered Species Act. Marine Fisheries Review 53:11-22.

Waples, R. S., J. Robert, P. Jones, B. R. Beckman, and G. A. Swan. 1991. Status review for
Snake River fall chinook salmon. NOAA Tech. Memo. NMFS F/NWC-201, 73 p. (Natl.
Mar. Fish. Serv., Northwest Fisheries Science Center, Coastal Zone and Estuarine Studies
Division, 2725 Montlake Blvd. E., Seattle, WA 98112-2097.)

Ward, P., T. McReynolds, and C. Garman. 2002. Butte and Big Chico Creeks spring-run
chinook salmon, Oncorhynchus Tshawytscha, life history investigation 2000-2001.
California Department of Fish and Game, Chico, CA.

WDF (Washington Department of Fisheries), Washington Department of Wildlife (WDW), and
Western Washington Treaty Indian Tribes (WWTIT). 1993. 1992 Washington State
salmon and steelhead stock inventory (SASSI). Wash. Dep. Fish Wildl., Olympia, 212 p.
+ 5 regional volumes. (Available from Washington Department of Fish and Wildlife, 600
Capitol Way N., Olympia, WA 98501-1091.)

WDFW (Washington Department of Fish and Wildlife) and Point No Point Treaty Tribes. 2000.
Summer Chum Salmon Conservation Initiative: An implementation plan to recover
summer chum salmon in the Hood Canal and Strait of Juan de Fuca Region. April 2000.

WDFW (Washington Department of Fish and Wildlife) et al. 2001a. Data obtained from the
WDFW age database. March 2001.

WDFW (Washington Department of Fish and Wildlife) and Point No Point Treaty Tribes.
2001b. Summer Chum Salmon Conservation Initiative. Supplemental Report No. 3
Annual Report for the 2000 summer chum salmon return to the Hood Canal and Strait of
Juan de Fuca Region. December 2001.

A. CHINOOK 158



WDFW (Washington Department of Fish and Wildlife), Point No Point and Makah Tribes.
2001c. Management Framework Plan and Salmon Runs’ Status for the Strait of Juan de

Fuca. November 2001.

Yoshiyama, R. M., E. R. Gerstung, F. W. Fisher, and P. B. Moyle. 2001. Historic and present
distribution of chinook salmon in the Central Valley drainage of California. In R. L.
Brown, editor, Fish Bulletin 179: Contributions to the biology of Central Valley
salmonids., volume 1, pages 71-176. California Department of Fish and Game,

Sacramento, CA.

A. CHINOOK 159



	1 - intro.pdf
	  
	 
	 
	Updated Status of Federally Listed ESUs  
	of West Coast Salmon and Steelhead  
	 
	 
	 
	West Coast Salmon Biological Review Team 
	 
	Northwest Fisheries Science Center 
	 
	 
	July 2003 
	 METHODS 
	 
	Primary contributors: Thomas P. Good and Sarah Sydor 
	(Northwest Fisheries Science Center) 
	 
	Recent abundance 
	 
	Trends in abundance 
	Population growth rate 

	  .  (Eq. 11) 
	The ratio of total spawners to natural origin spawners was calculated as  
	2. Calculate the total number of spawners (G) 
	3. Determine the average age at reproduction (T) by calculating 


	Calculating recruits 
	Population Viability Analysis 
	 REFERENCES 






